ff":i‘ Politécnica da USP- Depto. de Enga. Mecatronica

PMR-3510 Inteligéncia Artificial
AULA 14 - Al PLANNING ALGORITHNAS

Prof. José Retnaldo Silva
reinaldo@usp.br



mailto:reinaldo@usp.br

Uma analise do espago de estados Move A

mostra que o estado 1 é 5

“preferencial para passar de uma
componente conectada a outra.
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Representacdo dos “estados” em logica:
estado inicial e estado “preferencial.

- 586

sobre(c, mesa
sobre(c, b) (€, )
sobre(b, mesa)
sobre(b, mesa)
sobre(a, mesa)
sobre(a, mesa) .
; livre(c)
livre(c) .
livre(a) livre(b)
: livre(a) :
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I

Cs’rado 72

estado
inicial objetivo

Conjunto de -E “
. Acoes ) ’

Problema de planejamento

-

Criterio de aplicagdo
das agoes

Percep¢ao das
mudancas de

O conjunto de ag5es ¢ baseado nos movimentos

osugao so

ole

f odc ser . eL‘ca sbe v‘ bLoao Livre,

e wao tewlaa wewlflu outro bLoooem obma
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uma aglio desse tipo pode ser definida como
move(X, Y), onde wm robd pode mover o bloco
X para ctwma oo bloco Y ow para a mesa.
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Pré-conodigdes Pos-condigdes
move(c, mesa) .

A M ﬂ
/sobre(c mesa)
4 sobre(b, mesa
sobre(b mesa) ( )
sobre(a, mesa) :
sobre(a, mesa) ,
- livre(c)
livre(c)
: livre(b) (
livre(a) /
) livre(a)
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move(c, mesa) .

remove ([sobre(c,b)], s) add ([sobre(c,mesa), Livre(b)], <)

< 1% oo
S 'sc;E)re(c b) sobre(c, mesa)

sobre(b, mesa)

. sobre(b mesa) E sobr‘e(a, meSG)

: sobre(a, mesa) :

: : livre(c

livre(c) . ()

T livre(b) (

. livre(a) .. .

2, livre(a) :
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5 OUVE YRS PONER Pt e o

move(X,Y) : — livre(X), livre(Y), livre(garra), remove(livre(Y)), add(sobre(X,Y)) .
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Intuttivamente, as agoes nio séo somente
enwmeradas mas defintoas como predicados,
com regras para sua aplicagho. O evento é
aplicado Lodentificando uma Lista de termos
que deve ser removida da descrigéio do estaolo
origem, e acrescentando uma nova lista a esse
estado para obter o estaoo destino.
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Sera que Lsso pode ser generalizado como um
métoolo para resolver uma classe ampla de
problemas de pLawejamewto?.
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vamos discutiyr essa possiloLLLolaole e apresentar
matis detalhadamente um algoritmo genérico
para resolver problemas conhecltdo como

STRIPS.
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vamos também comecar a tratar dos aspectos
pra’tticos apLLcados ao problema-modelo do
munoo de blocos, que serd o préximo exercieLo-

Programa.
O Mundo de blocos P Ny
R b
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General Problem-solving approach

Cogwnitive approach
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Modelos continuos, discretos,
computa cLONALS.
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estoclisticos, baseados e
bigdata.
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Continuarems a discusslio sobre a proposta oo
STRIPS, e chegaremos até um algoritmo
genérico implementado sobre o mundo de
blocos.
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STATE TRANSITION DIRGRAM: NOTATION

‘ eoerks (ers) kond 1 / ‘ ey fahon
| Stde 4o Beten
A “ 3

O plangjamento clissico € fundamentado no
amdugma estaalo—tmwagao assumindo que o “plano”
e R

A cada tnstante, o sistema estard em um estado
especifico que “adwmite” agdes que podem fazé-lo evoluiy
PAYA . proximo estado.
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A = {a;}

11.1 Definition of Classical Planning

Classical planning Classical planning is defined as the task of finding a sequence of actions to accomplish a
goal in a discrete, deterministic, static, fully observable environment. We have seen two ap-
proaches to this task: the problem-solving agent of Chapter 3 and the hybrid propositional
logical agent of Chapter 7. Both share two limitations. First, they both require ad hoc heuris-
tics for each new domain: a heuristic evaluation function for search, and hand-written code
for the hybrid wumpus agent. Second, they both need to explicitly represent an exponentially
large state space. For example, in the propositional logic model of the wumpus world, the
axiom for moving a step forward had to be repeated for all four agent orientations, 7" time
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steps, and n? current locations.
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Al Magazine Volume 11 Number 2 (1990) (© AAAI)

Al Planning:
Systems and Techniques

James Hendler, Austin Tate, and Mark Drummond

Equipment idle
;S’ ]

Waiting to Starting Bemg End of
be processed process  processed @, Processmg
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General Planning approach

DomLaLn valepewdewt

Domatn dependent

RN G

P O 7
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O plangjamento cllssico € basicamente um processo
de achar wm arranjo de kR agdes pertencentes a um
conjunto dado que Leve o sistema do estado tnictal ao
estado final fornectoo no “planning problem”. Se
todas as sequéncias de acdes (sem repetigdes) fossem
possivels teriamos algo como R! possibilidades.
Contanoo com as repetigdes e com o fato de que nem
todas as sequéncias séio validas fisicamente, ainoa
ASSLM 0 miamero de sequénclas cresce
exponencialmente com o niumero de estaoos.

d'l@b Laboratorio de Design de Sistemas PMR-3510

> . TR SEE B, S PR A LTI TN T SR S e A SR T " T S SN RN S, AR, AN S S O Y, T, T P 2 "
T PR TR P S T S sy Ay Ty R IR T T T 2N
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O wmétodo geral de resolugéio consiste em
Ldentificar como se configura estado (no caso
por uma Lista de predicados e constantes) e
como se faz a “transiglio”, modificando esta
configuracgio oe forma discreta (subtraindo
alguwns predicados e acrescentando outros).

Heuristica ou regras de inferencia

ent Actual /
model- It ke jorld state as
l\ t::,:l s an a ventually) lead
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Existe um métodos geral, independente de
dominto, para resolver problemas, em especial o
problema de agentes com objetivo?.
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ARTIFICIAL INTELLIGENCE 189

STRIPS: A New Approach to the
Application of Theorem Proving to
Problem Solving'

Richard E. Fikes
Nils J. Nilsson
Stanford Research Institute, Menlo Park, California

e o v e

——

Recommended by B. Raphael

Presented at the 2nd IJCAI, Imperial College, London, England, September

1-3, 1971. !

4

l
ABSTRACT g
We describe a new problem solver called STRIPS that attempts to find a sequence of operators g
in a spece of world modcls to transform a given initial world model into a model in which a \
given goal formula can be proven to be true. STRIPS represents a world model as an arbitrary r
collection of first-order predicate calculus formulas and is designed to work with models con- -
sisting of large numbers of formulas. It employs a resolution theorem prover to answer ques- g
tions of particular models and uses means-en-s analysis to guide ii to the desired goal-satisfying E
model. &

| 3
DESCRIPTIVE TERMS B

Problem solving, theorem proving. robot planning, heuristic search.

1. Introduction

This paper dcscribes a new problem-solving program called STRIPS
(STanford Research Institute Problem Solver). An initial version of the
program has been implemented in LISP on a PDP-10 and is being used in
coniunction with rohot vesearch at SRI. STRIPS is a inember of the class of
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Lecture Notes for 6.824, Artificial Intelligence
(01992 David McAllester, all rights reserved Rev. November, 1994

Graph Search
and |
STRIPS Planning

1 Introduction to Graph Search

Consider the eight puzzle show in figure 1. This puzzle is played on a three
by three square board containing eight tiles and an empty square. Any tile
which is next to the empty square can be slid into the empty square leaving
an opening (empty square) in the place that used to be occupied by the
moved tile, Figure 1 shows how one state of the puzzle can be transformed
into another configure by sliding a tile into the empty square. Given an
initial state of the puzzle the objective is to find a sequence of legal moves
that transform the initial state into some desired goal state. Figure 2 also
shows a typical goal state,

The problem of finding a sequence of moves that transforms a given initial
state into a given goal state can be formulated as a graph search problem.
The nodes of the graph are the possible states of the puzzle and the arcs of
the graph correspond to legal moves that transform one state into another.
The problem is to find a path in this graph from a given initial state to a
given goal state,

In the eight puzzle there are four types of legal moves. The empty square
can move up, move down, move right, or move left. This allows the puzzle
to be formulated in terms of four operations {7, D), L, and R that move the
empty square up, down, right and left respectively. If the empty square is

- already on the upper edge of the board then we define the operation {7 to
d'l@b Laboratorio de - ) PMR-3510
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Escola Politécnica da USP

Definition: A STRIPS planning problem consists of a STRIPS
operator specification, a set ¥ of initial propositions and a set {}
of

goal propositions,

Definition: A solutionto a STRIPS planning problem is a plan

(sequence of operators) a such that, in every graph where the
STRIPS operator specification holds, we have ¥ — [a]{l.
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Definition: A STRIPS operator specification consists of a set of
operator symbols where each operator symbol is associated with
a prerequisite list, an add list and a delete list each of which is a
set of proposition symbols,

Definition: A STRIPS operator specification 1s said to hold (or
be valid) in a egraph search problem if for each operator o., and
o

v v ver poraeme g @

each node n such that every prerequisite of o, is true at n, we
have the following conditions.

e All propositions on the add list of o are true at the node
o[ n).

e If P is aproposition that is not on the delete list of 0., and
P is true at n, then P 1s true at o;(n|.
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A =1{a}

* Apesar de geral o algoritmo wiio € completo, e poole
gerar a anomalia de Sussman;

+ N0 Wi nenhuma amwtia”de convergéncla,
portanto, a busca de solugdio pode divergir;

* O algoritmo wilo € otimizante.
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Sussman Anomaly in the block world

O (b, ta bLC) . "Sussman anomaly" problem

on(a, table). on(c, table).

on(c,a). E “ on(a, b). |

free(b). on(b,c). |

‘(:VCC (0) . Start State Goal State 'fVCC (a) . »

E

Clear(x) On(x,z) Clear(y) Clear(x) On(x,z) %

PUtON(x,y) PutOnTable(x) !

~On(x,z) ~Clear(y) ~On(x,z) Clear(z) On(x, Table) E

Clear(z) On(x,y) :

R

5
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Sussman Anomaly

)

B A

s g g

e The Sussman Anomaly shows the limitations of non-interleaved
planning methods

e Before this was described, people used to do planning by
considering different subgoals in SEQUENCE

 The Anomaly will show that naively pursuing one subgoal X after
you satisfy the other subgoal Y may not work because steps
required to accomplish X might undo things subgoal Y

d'l@b Laboratorio de Design de Sistemas PMR-3510
NG ) ) ) ) 5~

4 ‘@m O N P I R PO P DU P PR U N P g e o

%

e



J; ' Escola Politécnica da USP

Descriptions of the world X, the 1
initial state(s), and the objectives Planner
&
Execution status (if planning is online) g Plan or policy
1

Plan-execution agent

T 4? Actions
Observations * ‘i

Iy

The world X in which ¢
the agent operates b o y
d'l@b Laboratorio de Design de Sistemas PMR-3510




cl
c2 4
c3

so={in(c3,p1), top(c3,pl), in(cl,pl), on(c3,cl) g={on(cl,c2)
on(cl,pallet), in(c2,p2), top(c2,p2), on(c2,c3)}
on(c2,pallet), top(pallet,ql), top(pallet,q2) _—
top(pallet,q3), empty(cranel)} ""733!!l.
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KEPS-Knowledge Engineering for Planning
and Scheduling Move A

~
oo

Move B
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P
Execution agent
‘Execution Plant
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O estado da planta de execugbio consiste oe
uma Lista de proposiedes Logicas descrevendo a
configuragiio dos = elementos (blocos).

[on(a, b), on(b, mesa), on(c, mesa), livre(a), livre(c)]

P P T )
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F Escola Politécnica da USP

A dindwmica da planta de execugdio € dada por
um unico operador, move(X,Y) gque WMove o
elemento X para ctma oo elemento Y.

move(c, mesa) .

remove ([sobre(c,b)1, <) add ([sobre(c,mesa), Livre(b)1, s)

> _sos

ol t) sobre(c, mesa)
sobre(b, mesa)

sobre(b, mesa)
sobre(a, mesa)

sobre(a, mesa)

) ivre(c ¢
livre(c) : () :
livre(a) i¥reib)

g ivre(a)
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Extstem varios tmplementagdes do mundo de
blocos na itnternet e até no sSwisH Prolog
(Lembrando que os exercictos fettos no SWisH
séio em principlo publicos). A exercicio comstiste
portanto da escolha e wmodificagéo de um
Programa gue nio scj a “naive”, Lsto €, que niio
tneorra na anomalia de Sussman.
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O mundo de blocos - versao D-Lab

(@ SWISH Fie-  Edt-  Examples-  Help~ Y @, " | search Q A-
@ Mundo ¢ * - - R - |

1|go(s 1 go(Start, Goal) :-

3 2 bloco fora lugar(Start,Goal,H), $#A funcao bloco fora lugar € a heuristica

: 3 adiciona([[Start),H], [], Been list), $Adiciona a configurag¢ao inicial a Been list, que é

L 4 tuma lista contendo todos os nés que ja foram expandidos e seus respectivos caminhos.

: 5 path(Start,Goal,Been list).

. 6

! .

14 path(Start,Goal, Been_list):- $Nessa chamada de path, ocorre a expansao dos noés
15 primeiro_lista_lista(Estado_Atual,Been_list), $Encontra o né atual do primeiro elemento da 1i
16 solucoes(Estado_Atual,Solucao), $Encontra os possivels candidatos para serem expandidos

/ primeiro_lista(Caminho,Been_list), $Retorna o caminho até o né que estd sendo expandido atua
18 del first(Been_list,Been listl), $Deleta o né pai cujo filho sera gerado a seguir
expande_no(Solucao,Goal,Caminho,Been_listl,New Been_ list), $Funcao que escolhe qual € o filh
path(Start,Goal,New Been_list).$%Chama a funcao de novo e continua verificando os estados até

23 398338388 332383032883033888888888888888888 Fungcoes Auxiliares $3383838838823838888888888888%

25 $Fung¢do que movimenta um bloco X para cima de um bloco Y Your query goes here ...
26 move_b(State,Next) :-

27 encontra_ topo_lista(Y,State),
28 encontra_ topo_lista(X,State),
29 atom string(X,_),

30 atom_string(Y,_ ),

31 X \==1Y,

32 deleta_ lista(X,State,Nextl),

incara lictalV¥ V Navil Naws)

== E I Historya = Soluti (] table results
https://reinaldoswi.dlab-usp.org/p/Mundo de blocos - Rework 2.0.pl#tabbed-tab-0 Xampiesa | Hstory olutionss U m
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O mundo de blocos - versao D-Lab

@ SWISH File- Edit~ Examples~ Help~ Y E Search Q A- . Ve
& Mundo de b 6 ' |

A e 7 path( ,Goal, Been List):- $#Nessa chamada de path, considera-se o caso em que o objetivo foi

- g $¢encontrado

¢loatn( | 9 primeiro lista lista(Objetivo,Been List),

s ons 10 Objetivo = Goal,

o 11 primeiro lista(Caminho,Been List),

1wk 12 inverte(Caminho,Caminho I),

I 13 write(Caminho I),

s g 14 .

"

i ﬁ; 16 path(Start,Goal, Been list):- $Nessa chamada de path, ocorre a expansao dos nos

0 ey 17 primeiro lista lista(Estado Atual,Been list), §Encontra o né atual do primeiro elemento da

;L $88888% 18 %llSta

24 19 solucoes(Estado Atual,Solucao), #Encontra os possivels candidatos para serem expandidos

iiﬁﬁﬁ 20 primeiro lista(Caminho,Been list), $Retorna o caminho até o noé que esta sendo expandido

- - 21 tatualmente

30| ato 22 del first(Been list,Been listl), $Deleta o ndé pai cujo filho sera gerado a seguir

. 23 expande no(Solucao,Goal,Caminho,Been listl,New Been list), $#Funcao que escolhe qual é o
https:/freinaldo; 24 ¢filho mais promissor e coloca ele junto com seu caminho na lista contendo todos os noés
path(Start,Goal,New Been list).$Chama a funcao de novo e continua verificando os estados
taté chegar ao objetivo
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31 $Funcao que movimenta um bloco X para cima de um bloco Y
(s SW :2 move_b(State,Next) :-

Q . :
& Mundo ol encontra topo lista(Y,State), =
1/ gogs 34 encontra topo lista(X,State),
: 35 atom string(X, ),
. 36 atom string(Y, ),
g path 37 X \== Y,
: 38 deleta lista(X,State,Nextl),
15 39 insere lista(X,Y,Nextl, Next).
12 40
ifpﬂ 41 $Funcao que movimenta um bloco X para a mesa
i 12 move table b(State,Next) :-
. 43 encontra topo lista(X,State),
o 44 atom string(X, ),
1i 45 vazia lista(State),
;Quu 46 deleta lista(X,State,Nextl),
- 47 insere vazia lista(X,Nextl,f Next),
48 Next \= State.
29 atom_st;r(;ng(x,_) ,
atom string(¥, ),
X \==1Y,
deleta_ lista(X,State,Nextl),
htt;;sl:]/reinaI"dnogsow;ﬁi‘.‘dl;ti)-essapl.:rgv/p;,r;:;;ou:; Bfocos - Rework 2.0.pl#tabbed-tab-0 Examplesa. | Historya | Solutionsa [ table results m‘
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Na proxima aula continuaremos a
discussao sobre estados
preferenciais em um processo de
planning e possiveis heuristicas para
melhorar a performance dos
planejadores.
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